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SEASONAL ACTIVITY OF THE CAMBIUM IN THE YOUNG 
BRANCH OF LIQUIDAMBAR FORMOSANA IIANCE 

Chin-Yi Lu and Su-Hwa Tsai Chung'” 

Abstract: Seasonal activity of cambium has been investigated in 
Liquidambar formosana 1 lance, which is a subtropical deciduous tree 
in Taiwan. Cambial activity is affected mostly by temperature. It 
is initiated in late March, and as temperature increases it increases 
in activity until July and then slowly declines and ends in October, 
l'hloem differentiation precedes xylem differentiation by approximately 
a month. Rainfall and relative humidity possibly have little effect on 
cambial activity. In view of its relation with phenology, it seems 
that there is a correlation between actively growing buds and the 
initiation of cambial activity. 

INTRODUCTION 

Morphology of the vascular cambium and factors controlling its activity have 
been the subjects of intensive research by both morphologists and physiologists during 
the past several decades. Knudson (1913) in Larix laricina and Lodcwick (1928) in 
some northeastern trees were among the earliest workers to study seasonal activity 
of the cambium. Later, similar studies have been carried out on many plants. 
Those growing in arid regions, as in Zygophyllum dumosum Boiss (Waisel, Liphschitz 
& Fahn, 1970) and I’roitslia cuneifolia (Aljaro, Avila, Hoffmann & Kummerow, 1972), 
the cambial activity responds quickly to water and shows a typical desert cambial 
rhythm, highly sensitive to rainfall. In frigid regions, the growing season is 
relatively short; as in the Alaskan white spruce ( I’icea glatica), seasonal patterns 
arc accelerated and more sharply defined than in temperate regions (Gregory, 1971). 
Temperate plants have a longer growth period, studying Robinia pscudoacacia (Derr 
& Evert, 1967), Pyrus communis and Pyrus mains (Evert, 1961, 1963), authors have 
reported that the cambial activity began in early April and continued to late August 
or early September. Some tropical deciduous and evergreen trees have been studied 
by Coster (1927-28) and Chowdhury (1969). But they only studied the formation 
of growth rings. The problem of seasonal activity of cambium has remained almost 
uninvestigated in these reports. Recently the investigation on the seasonal activity 
of cambium has been undertaken on Dalbergia sissoo, a tropical tree of India, cambial 
activity was initiated in February, increased until May and then slowly declined 
(Paliwal & Prasad, 1970). and on Psidium guajava, a subtropical evergreen of Tai¬ 
wan, the period of its cambial activity is very long, it begins in early February 
and ends in November (Chou & Chiang, 1973). Our present paper deals with 
Liquidambar formosana, a subtropical deciduous tree which is common in northern 
Taiwan. 


MATERIALS AND METHODS 

The twigs for the investigation were collected from a tree growing in the 
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National Taiwan University campus. Periodic collections were made from August 
1971 to July 1972 and November 1972 to October 1973. in the first week of every 
month. Several small twigs of about 5 mm in diameter were obtained from the 
tree. Sections were cut in transverse planes for monthly samples, and tangential 
longitudinal planes for a few samples with a sliding microtome at 20 /t. After 
being washed with water and fixed in 50% ethanol, sections were stained with 
safranin O and fast green (Johansen, 1940). Seasonal changes of phenology as: 
sprouting of foliar buds, full foliage, flowering, fruiting and defoliating were also 
recorded at the time of each collection. Rainfall, relative humidity and temperature 
data were provided by Taipei Central Weather Bureau". 

RESULTS 

(I) Cambial zone and its seasonal activity 

According to the prevailing concept, the cambial initials are arranged in one 
layer, i.c. one cell in thickness (Esau, 1965,. In a strict sense, only the initials 
constitute the cambium (Bailey, 1943). But the term is frequently used with 
reference to the cambial zone. Indeed it is difficult to distinguish the initials from 
their adjacent derivatives not only under a light microscope (Figs. 1, 2) but also 
under an electron microscope. All of them have similar ultrastructural components. 
(Srivastava, 1966; Evert & Deshpande, 1970). 

Liquidambar formosana has a nonstratified cambium, comprising both fusiform 
initials and isodiametric ray initials (Fig. 3). During the dormant period, the 
cambial zone consists of two to three layers of flat cells arranged in radial rows. 
At the time of cambial reactivation, it increases in cell layers and thinner walled 
cells are observed (Fig. lc). 

In January, the cambium is inactive, it consists of two to three layers of flat 
rectangular cells (Fig. 2f, Table 1). Neither phloem elements nor xylem elements 
are in the process of maturation. In February, this situation has not changed (Fig. 
la). The walls of the dormant cambial initials are slightly thicker and have a 
beaded appearance in tangential view (Fig. 3) that is due to the presence of deeply 
depressed primary pit fields on the radial walls. During the active period of 
growth, the walls become thinner, the primary pits become wider because of the 
longitudinal elongation of the initials. Consequently the beaded pattern is not so 
evident. 

The first sign of cambial reactivation was observed at the end of March, slightly 
later than the sprouting of the foliar buds (Fig. 8). Its maximum activity was 
reached in April, six layers of the immature cells were counted in the cambial 
zone (Fig. lc, Table 1). Numerous xylem and phloem cells had developed and some 
vessels still lacked secondary walls. The peridinal cell wall of each cambial cell 
was very thin and delicate. 

Intense cambial activity continued till July. Most of the annual increment was 
formed during this period, then declined gradually, and ceased in October. From 
October to February the cambium was in a dormant state. It became active again 
in March of the next year. A graphic representation of the cambial activity, as 
indicated by counting the cell layers from the transverse sections is shown in Fig. 4. 

The anticlinal divisions of the cambial cells which caused the increase of the 
* We are very grateful to Taipei Central Weather Bureau for providing these records. 





Fig. 1. Transverse sections through the cambial region 
Feb. 1972 to July 1972. a. February b. March c. 
Key to labelling; CC, companion cell; CZ, cambial u 
initial; NP. nonconducting phloem; P. phloem; R. ray; 


and its related tissues of stem during 
April d. May e, June f, July, 
one EX. expanding xylem; FI. fusiform 
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itf. 2. Transverse sections through the cambial region and its related tissues of stem during 
Aug. 1971 to Jan. 1972. a, August b. September c, October d, November e. December f, 
January. 
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Fig. 3. Tangential longitudinal sections through the cambial region, a. non-stratified cambium, 
the cell wall with beaded appearance, b & c. arrow shows the newly formed wall of 
the fusiform initial. 
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Table 1. Cell layers in cambial zone and its adjacent tissues 


Date of sampling 

Immature phloem 
element 

Cambial layer 

Immature xylem 
clement 

Aug. 1971 

0-1(03)’ 

2-3(30)’ 

1-2(13)’ 

Sept. 1971 

0-1(03) 

2-3(30) 

1 0.0) 

Oct. 1971 

0 

2-3(30) 

0-1(03) 

Nov. 1971 

0 

2-3(23) 

0 

Dec. 1971 

0 

2-3(23) 

0 

Jan. 1972 

0 

2-3(23) 

0 

Feb. 1972 

0 

2-3(23) 

0 

Mar. 1972 

0-1(08) 

2 (30) 

0 

Apr. 1972 

2-3(36) 

4-6(30) 

4-6(53) 

May 1972 

1-2(1.6) 

3-5U.0) 

3-3(36) 

June 1972 

1-20-3) 

2-3(36) 

3-3(33) 

July 1972 

1-3(23)) 

. 2-5(36) 

2-5(30) 

Nov. 1972 

0 

2-3(30) 

0-1(06) 

Dec. 1972 

0 

2-3(36) 

0 

Jan. 1973 

0 

2-3(36) 

0 

Feb. 1973- 

0 

2-3(23) 

0 

Mar. 1973 

0-1(06) 

2-3(23) 

0-1(03) 

Apr. 1973 

2 (23)) 

3-5(3.0) 

2-3(33) 

May 1973 

1-2(1.6) 

3-3(36) 

2-3(33) 

June 1973 

1-2(13) 

3 (30) 

2-3(33) 

July 1973 

1-203) 

3-3(33) 

2-3(33) 

Aug. 1973 

0-1(03) 

2-3(30) 

0-K0.6) 

Sept. 1973 

0-1(03) 

2-3(30) 

0-1(06) 

Oct. 1973 

0 

2-3(23) 

0 


( )• average of three duplicates. 


cambial cylinder began at the end of the growing season in August (Fig. 4). The 
newly formed anticlinal wall is radial-longitudinal or variously oblique (Fig. 3), 
and more newly formed anticlinal walls can be seen in the materials collected in 
October and November (Fig. 4). The anticlinal divisions do not always occur in 
the same layer of cells in adjacent radial tiles. This would indicate that the cambial 
initials are not arranged in a single smooth layer in the transverse sections. The 
frequency of anticlinal divisions was less than the periclinal divisions. 1:16.3 and 
1:15.5 was observed in 1972 and 1973 respectively. 

(II) Development of the xylem and phloem 

Sieve elements are the first vascular elements to develop in the beginning of a 
growth period. They begin to differentiate in the outermost layer of the cambial 
zone slightly before the cambial activity begins in early March (Figs. 5, 6). Some 
phloem initials overwinter in the non-matured state and complete their maturation 
in the next spring. The sieve elements arc short-lived. They become functionless 
during the same season (Figs, la, 5b). Xylem elements in the innermost layer of 
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the cambial zone begin to develop in early April (Figs. 5a, 6). The cessation of 
phloem differentiation precedes xylem development (Fig. 7). 

(Ill) Relation of the cambial activity to temperature and phenology 

Cambial activity is affected mainly by temperature. In February, when the 
average monthly temperature was as low as 14.8°C (Table 2), the cambium appeared 
as dormant. While in March, the temperature rose to 16.9“C, and the cambial 
activity commenced in late March. As temperature increased, cambial activity 
increased until July, and then slowly declined and ended in October (Table 1). 
Besides, there seems to be a relationship between the chilling effect of temperature 
and cambial activity, for after the cold weather of winter, cambium begins its 
activity in the spring. The lower the temperature in winter, the higher the cambial 
activity is in the following spring. In 1972, the lowest average monthly temperature 
was 14.8°C in February (Table 2). The highest average number of layers of cambial 
cell was five in April (Table 1, Fig. 7). While in 1973, 15.9“C was the lowest aver¬ 
age monthly temperature, 1.1'C higher than 1972 and the highest average layers of 


Table 2. Climatic variation from Aug. 1971 to Oct. 1973 
_recorded by Central Weather Bureau_ 


Date 

Mean monthly 
temperatures ( l C) 

Rainfall (mm) 

Relative humidity (yd) 

Aug. 1971 

28.8 

382 

74 

Sept. 1971 

26.8 

397 

82 

Oct. 1971 

22.9 

59 

83 

Nov. 1971 

19.7 

7641 

79 

Dec. 1971 

17.7 

91.7 

80 

Jan. 1972 

162 

1366 

82 

Feb. 1972 

1441 

92.8 

86 

Mar. 1972 

16.9 

38.7 

74 

Apr. 1972 

21.4 

108.6 

80 

May 1972 

24.5 

442.9 

84 

June 1972 

27.4 

24041 

82 

July 1972 

27.9 

4365 

82 

Nov. 1972 

21.2 

60 

81 

Dec. 1972 

17.5 

100-8 

82 

Jan. 1973 

15.9 

124.7 

86 

Feb. 1973 

18.1 

52.7 

86 

Mar. 1973 

18.7 

61.7 

83 

Apr. 1973 

22.9 

2554$ 

83 

May 1973 

24.6 

1714) 

84 

June 1973 

26.9 

300 

82 

July 1973 

2841 

14341 

76 

Aug. 1973 

28.5 

147.1 

77 

Sept. 1973 

274 

145.9 

78 

Oct. 1973 

24.0 

231.5 

80 
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cambial coll was only four (Table 1, Fig. 7). Rainfall and relative humidity possibly 
have little effect on cambial activity. In view of its relation with phenology, when 
the trees are defoliated, the cambium is dormant. Both the new foliar and floral 
buds sprout prior to the reactivation of the cambium (Fig. 8). Flowering began in 
February and fruiting in April (Table 3, Fig. 8). Both seemed to have no serious 
effect on cambial activity. The average monthly temperature, rainfall and relative 
humidity during the year 1971-1973, as recorded by the Taipei Central Weather 
Bureau is provided in Table 2. 


Table 3. Relation of cambial activity with phenology in corresponding period 



Phenology 

Cambium 

Jan. 

defoliated, fruit dispersal 

inactive 

Feb. 

new leaves, flowering 

inactive 

Mar. 

new leaves, flowering 

slightly active 

Apr. 

full foliage, fruits 

very active 

May 

full foliage, fruits 

very active 

June 

full foliage, fruit dispersal 

very active 

July 

full foliage, fruit dispersal 

very active 

Aug. 

full foliage, fruit dispersal 

active 

Sept. 

full foliage, fruit dispersal 

slightly active 

Oct. 

partial loss of leaves, fruit dispersal 

slightly active 

Nov. 

| partial loss of leaves, fruit dispersal 

inactive 

Dec. 

defoliated, fruit dispersal 

inactive 


DISCUSSION 

Evergreen trees are considered to withstand the influence of external factors 
in a new or different environment more readily than deciduous tree. Their cambial 
activity is mainly controlled by endogenous growth rhythm. Whereas in deciduous 
plants, the endogenous rhythm of cambial activity may become suppressed by the 
influence of sudden changes in climate or by other factors that bring about leaf 
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fall and bud bursting (Fahn, 1967). Liquidambar formosana is a deciduous tree, the 
resumption of cambial activity is closely related with phenological changes resulting 
from climatic changes. 

The relation between the foliar buds bursting and the initiation of cambial 
activity depends on the plants which posses diffuse-porous wood or ring-porous 
wood (Digby & Wareing, 1966b). Many conifers as well as dicotyledons with ring- 
porous type of wood show an early rapid spread of cambial reactivation in the 
presence of little or no bud growth (Ladefogcd, 1952; Wareing, 1951). Digby and 
Wareing (1966b) investigated several diffuse-porous wood and emphasized that the 
growth hormones produced in the bursting buds stimulated cambial activity. 
Liquidambar examplifies cambial behavior of dicotyledons with diffuse-porous wood, 
the reactivation of cambial activity is observed in late March after the bursting of 
the foliar buds. 

The cells of the cambial zone are arranged very regularly and all show similar 
morphology and ultrastructural components under both the light microscope and 
electron microscope. So it is difficult to distinguish the initial proper from their 
adjacent derivatives. The anticlinal divisions involved in the increase in number 
of cambial initials arc restricted to the initials and the evidence of such divisions 
can be used to distinguish the initials from other cells of the cambial zone in the 
late growing season. 

With reference to differentiation, the following possibilities have been cited: 

(1) in most of the species investigated, phloem differentiation precedes xylem 
differentiation (Evert, 1960, 1963; Davis & Evert, 1965, 1966; Derr & Evert, 1967); 

(2) in some, phloem and xylem differentiation begin simultaneously (Artschwager, 
1950); (3) in others, xylem differentiation precedes that of the phloem (Bannan, 
1955; Grillos & Smith, 1959). In Robinia pseudoacacia phloem differentiation precede 
xylem by a week (Derr & Evert, 1967). In Liquidambar formosana phloem differ¬ 
entiation precedes that of xylem by a month. With regard to the cessation of 
differentiation three possibilities have been reported: (1) the differentiation of 
both kinds of tissues cease at the same time (Evert, 1963; Derr & Evert, 1967); 
(2) xylem development cease before that of phloem (Cockerham, 1930); (3) cessation 
of phloem differentiation precedes that of the xylem (Evert, 1960). In Pyrus mains, 
phloem and xylem stop differentiation simultaneously (Evert, 1963). Liquidambar 
formosana is just like Pyrus communis in that in both of these species the phloem 
differentiation precedes xylem differentiation and the cessation of phloem differ¬ 
entiation slightly precedes that of the xylem. 

The sequence of phloem differentiation and the length of its functional period 
seems to have some correlation. Those plants with the phloem which only function 
for one season or the lastformed sieve elements overwinter in the functional state 
until the new sieve elements are produced in the spring, the phloem differentiation 
precedes that of the xylem as in Abies, Pinus (Alfieri & Evert, 1973), Pyrus com¬ 
munis, Pyrus malus (Evert, 1961, 1963) and Liquidambar formosana. Whereas in 
other plants with the phloem functioning for several years, phloem and xylem 
differentiation begin simultaneously as in Vilis riparia (Davis & Evert, 1970), Tilia 
americana (Evert, 1962). 

Various environmental factors such as daylength (Wareing & Reberts, 1956), 
temperature (Waisel & Fahn, 1965) and internal factors as indoleacetic acid, gibberel- 
lic acid (Wareing, 1958; Wareing, Hanney & Digby, 1964), hereditary constitution 
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and physiological processes (Philipson, Ward & Butterfield, 1971) affect carabial 
activity. Among them the effect of temperature is of prime importance, because 
the temperature plays the major role in the breaking of dormancy in buds and 
cambium (Waisel & Fahn, 1965). Paliwal & Prasad (1970) suggested that high 
temperature is conducive to the initiation of cambial activity. In Liquidambar, the 
dormant period is from November to February, when the temperature rises from 
14.8°C in February to 16.9°C in March, the foliar buds begin sprouting and the 
cambium is reactivated. As the temperature rises the carabial activity increases. 
The active periods continue from March to October. As to cessation of cambial 
activity, very little is as yet known about the factors that cause the cessation of 
cambial activity (Fahn, 1967). Wareing (1951) and Wareing and Roberts (1956) 
have stressed the role of photoperiodism in the activity of the cambium. These 
investigators showed that in juvenile plants of Robinia pseudoacacia and Pinus 
sylveslris cambial dormancy can be induced by the application of short day condi¬ 
tions and that the cambium can be reactivated by long day conditions. 

Rainfall seems to have little effect on cambial activity in Liquidambar formosana, 
because the rainfall in Taiwan is abundant, so water is not a limiting factor. But 
some botanists think that there exist a relationship between the rainfall and radial 
growth (Philipson, Ward & Butterfield, 1971), dock and Agerter (1962) found that 
under three different rainfall conditions three different characteristic patterns of 
radial growth occurred. 

Coster (1927-28) studied the relationship between leaf fall and cambial activity. 
In tropical deciduous trees the cambium does not divide during the defoliated 
period, and the activity is resumed only when the new leavesunfold. Evert (1961), 
on the other hand, suggested that there may be a relationship between cambial 
activity and fruit production in Pyrus communis. Paliwal & Prasad (1970) indicate 
that there is some correlation between the arrival of new crops of leaves and 
reactivation of dormant cambium in Dalbcrgia sissoo. The present investigation on 
Liquidambar formosana agrees with the conclusions of Coster, but flowering and 
fruit production seem to have no effect on cambial activity. 
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